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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is based upon and claims the ben-
efit of priority from prior Japanese Patent Application No.
2008-279644 filed Oct. 30, 2008, and the entire contents of
which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play device including a pixel memory provided in each of
LCD pixels to store an image data, and especially to control
voltages applied to a pair of electrodes of respective pixels
arranged in the liquid crystal display device.

[0004] 2. Description of the Background Art

[0005] Liquid crystal display devices are widely used as
typical display devices for various kinds of equipments such
as personal computers, OA equipments, and TV sets because
the display devices have many advantages such as lightness,
compactness and low power consumption. In recent years,
mobile liquid crystal display devices find use in mobile ter-
minal equipments such as a mobile phone, a car navigation
device and a game player, and a large size display panel has
been in need. In order to meet such need, compactness, low
power consumption or long time battery use have been
requested.

[0006] A liquid crystal display device with a pixel memory
in the LCD pixel is well-known as a display device to achieve
low power consumption. In this type liquid crystal display
device, arefresh operation is not required when a static image
is displayed because a static memory is embedded in each
pixel. Accordingly, power consumed by data lines or data
driving circuits may be fully cut as shown, for example, in
Japanese Patent Application 2007-199441.

[0007] FIG. 12 of the Japanese Patent Application illus-
trates a circuit diagram, in which a drain electrode of a first
transistor 15 is connected to an input terminal al to set a
memory state of the static memory. A drain electrode of a
second transistor 18 is connected to the input terminal az1 to
reset the memory state, and a source electrode of the first
transistor 15 is connected to a data line S1. Gate electrodes of
the first and second transistors formed in the pixels arranged
in parallel with gate lines are connected to corresponding gate
lines, respectively. In the pixels arranged in a row direction,
for example, the gate electrodes of the first and second tran-
sistors 15 and 18 are connected to a pair of gate lines G1 and
GO, respectively.

[0008] The circuit diagram shown in FIG. 12 has following
problems. The voltages VL.Ca and VLCb are periodically
inverted. Since the voltages VL.Ca and VLCb are connected to
atotal liquid crystal capacitance of all the pixels in the display
area, it is necessary to design driving circuits such as output
buffers for voltages VL.Ca and VLCb so that a driving ability
of output buffers is sufficiently high to enable voltages
applied to the liquid crystal capacitance of all pixels invert
simultaneously, which results in an increase in power con-
sumption of the driver circuits.

[0009] Furthermore, when the driving circuits for the volt-
ages VL.Ca and VLCb are formed in the array substrate using
the same process as the pixels, the circuit size of the driving
circuits becomes large and a large layout space is required,
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which may result in an enlargement of a frame size and
further a lowering of a product value.

[0010] Moreover, the voltages VL.Ca and VLCb are sup-
plied to the liquid crystal capacitance through N channel type
transistors. In such a case, if a gate voltage VDD to make the
N channel transistor conductive is the same level as that of
high level “H” of the voltages VL.Ca and VLCb, a voltage
level reduced by the threshold voltage Vth of the N channel
type transistor from the “H” level is applied to the liquid
crystal capacitance. Therefore, a decreased contrast or a
flicker phenomenon may occur due to a voltage shift between
a pixel voltage and a common voltage supplied to the liquid
crystal layer.

[0011] In a moving image display, it is necessary to store
different signals successively in the pixels while driving the
liquid crystal layer by AC operation in the Japanese Applica-
tion. Accordingly, an inversion operation of a polarity of
voltage to maintain pixel signals is required, that is, a polarity
of a data signal is inverted corresponding to inversion of a
polarity of the frame (common voltage). Otherwise, power
consumption of a driver circuit for data lines may be
increased.

[0012] Moreover, in this technology, a problem is noted
that a current to maintain a pixel signal is not easily dis-
charged when a power becomes on or off and an abrupt power
failure occurred, which may result in generation of a display
time lag.

BRIEF SUMMARY OF THE INVENTION

[0013] The present invention has been made to address the
above mentioned problems. One object of the present inven-
tion is to provide a liquid crystal display device with a static
memory in each pixel to achieve low power consumption and
a high quality display.

[0014] Thus, according to one aspect of the invention, there
is provided a liquid crystal display device, including a pair of
substrates including electrodes formed on respective sub-
strates; a liquid crystal layer interposed between the pair of
substrates; a plurality of pixels arranged in a matrix on the
substrates; signal lines arranged in a column direction and
each of signal lines connected to the pixels arranged in the
column direction to supply bit signals corresponding to an
image signal; control lines arranged in a row direction, the
control lines selecting pixels arranged in the row direction to
supply a plurality of control signals to write and hold the bit
signals corresponding to the image signal to the selected
pixels; a static memory provided to each pixel to hold the bit
signals; each pixel including a switch element to take in the
bit signals corresponding to the image signal to the static
memory, a polarity control circuit to control the held bit
signals and a driving voltage generator to supply voltages
generated by the bit signals to the liquid crystal layer, wherein
the transmittance of the liquid crystal layer is changed corre-
sponding to the bit signals.

[0015] According to another aspect of the invention, there
is provided a method for controlling the liquid crystal display
device including a pair of substrates, a liquid crystal layer
held therebetween, a plurality of pixels arranged in a matrix
and a static memory formed on the substrates, including steps
of writing and holding a bit signal corresponding to an image
data in the static memory in the pixel; controlling the polarity
of the input bit signal; generating a liquid crystal voltage
supplied to the liquid crystal layer by the bit signal, the
polarity of the bit signal controlled to alternate the liquid
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crystal voltage; and changing a transmittance of the liquid
crystal layer by supplying the alternated liquid crystal volt-
age.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The accompanying drawings, which are incorpo-
rated in and constitute a part of the specification, illustrate
embodiments of the invention, and together with the general
description given above and the detailed description of the
embodiments given below, serve to explain the principles of
the invention.

[0017] FIG. 1 is a schematic circuit diagram showing a
liquid crystal device according to a first embodiment of the
invention.

[0018] FIG. 2 is a schematic circuit diagram showing a
pixel of the liquid crystal device according to the first embodi-
ment of the invention.

[0019] FIG. 3 is a schematic circuit diagram for explaining
awrite-in operation of a pixel voltage into a pixel according to
the first embodiment of the invention.

[0020] FIG. 4 is a schematic circuit diagram for explaining
a holding operation of pixel voltage in a SRAM and an AC
voltage generating operation of the pixel voltage according to
the first embodiment of the invention.

[0021] FIG. 5is a schematic circuit diagram for explaining
a discharging operation of the pixel voltage according to the
first embodiment of the invention.

[0022] FIG. 6 is a timing chart showing a driving timing of
each voltages when the pixel voltage is rewritten according to
the first embodiment of the invention.

[0023] FIG. 7 is a timing chart showing a driving timing of
respective voltages of control lines when the pixel voltage of
all the pixels is rewritten according to the first embodiment of
the invention.

[0024] FIG. 8 is a timing chart showing a driving timing of
respective voltages of the control lines in each pixel PX when
a static image is displayed according to the first embodiment
of the invention.

[0025] FIG. 9 is a schematic circuit diagram showing a
pixel according to a second embodiment of the invention.
[0026] FIG. 10 is a schematic circuit diagram showing a
pixel according to a third embodiment of the invention.
[0027] FIG. 11 is a diagram showing a construction of a
pixel according to a fourth embodiment

[0028] FIG. 12 is a circuit diagram showing a conventional
liquid crystal device.

DETAILED DESCRIPTION OF THE INVENTION

[0029] A liquid crystal display device according to an
exemplary embodiment of the present invention, in particular,
a liquid crystal display device having a pixel memory will
now be described with reference to the accompanying draw-
ings wherein the same or like reference numerals designate
the same or corresponding parts throughout the several views.
According to the present invention, a pixel memory built-in
type liquid crystal display device is provided, in which power
consumption is decreased and a high quality display device is
achieved.

[0030] Hereinafter, a liquid crystal display device accord-
ing to a first embodiment will be explained referring to fig-
ures. As shown in FIG. 1, the liquid crystal display device
includes a display panel 1 and a control circuit 3 to control the
display panel 1. The liquid crystal display panel 1 is formed of
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a pair of substrates, an array substrate 2 and a counter sub-
strate (not shown) and a liquid crystal layer interposed ther-
ebetween. The display panel 1 includes (mxn) pixels PX
arranged in a matrix on the array substrate 1 formed of a
transmissive insulating substrate such as a glass substrate.
The display panel 1 also includes first to mth scan control
lines G1, . . . Gm composed of independently arranged 4
control lines and connected to the pixels arranged in a row
direction. Each of the scan control lines G includes four
control lines Gate, GateB, PolA and PolB to control the
operation of the pixels PX.

[0031] The control circuit 3 controls a transmittance of the
display panel 1 by a liquid crystal driving voltage supplied
between the substrates of the pixel PX. A reset signal Rset is
supplied to a switch to prevent a display time lag through a
reset line Rset. Signal lines, S1, S2, . . . SN connected to the
pixels extending in a column direction (Y direction) as shown
in FIG. 1 are connected to a signal line driving circuit 6. The
scan control lines G1~Gm connected to the pixels arranged in
the row direction lines are connected to a scan control line
driving circuit 5.

[0032] The scan control line driving circuit 5 and the signal
line driving circuit 6 are driven by timing pulses supplied by
the control circuit 3. The timing pulses and clock signals in
synchronized with image signals are supplied to input termi-
nals (not shown) of control circuit 3. Accordingly, the control
circuit 3 can provide various timing pulses in synchronized
with image signals to the scan control line driving circuit 5
and the signal line driving circuit 6. Power lines are connected
to each pixel PX to supply electric power. Similarly, the
power lines are also connected to the scan control line driving
circuit 5, the signal line driving circuit 6 and the control
circuit 3. The scan line control driving circuit 5, the signal line
driving circuit 6 and the control circuit 3 may be formed on
the array substrate 2 or may be formed in one IC outside of the
array substrate 2.

[0033] FIG. 2 shows a structure of each liquid crystal pixel
PX. The pixel PX includes a switching element W, first
inverter circuit 11, a clocked inverter circuit 12, a polarity
inversion switch circuit 13, a second inverter circuit 14 and a
liquid crystal capacitance CLC. A static memory circuit
(SRAM circuit) 10 is constructed by the first inverter circuit
11 and the clocked inverter circuit 12. In FIG. 2, a connection
ofaswitch 15 to prevent a display time lag is shown to explain
anoperation of the liquid crystal display panel. The switching
element W is formed of a Thin Film Transistor (TFT), in
which a gate electrode is connected to the control line Gate
and a source to drain path is connected between the signal line
S and an input node al of the first inverter circuit 11. Accord-
ingly, the corresponding signal line S and the input node al
are connected when the switching transistor W becomes con-
ductive. The first inverter circuit 11 is constructed by TFT 21
and TFT 22 in which an input terminal of the first inverter
circuit 11 is connected to the input node al and the output
terminal is connected the output node a2. Gate electrodes of
the TFT21 and TFT22 are commonly connected to the node
al, and the drain electrodes of the TFT21 and the TFT22 are
commonly connected to the node a2. Respective power lines
are connected to supply a high voltage VLCH to a source
electrode of the TFT21 and to supply a low voltage VLCL to
a source electrode of the TFT22.
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[0034] The clocked inverter circuit 12 is formed of four
transistors TFT23, TFT24, TFT25 and TFT26. Gate elec-
trodes of the TFT24 and TFT25 are commonly connected
with the node a2 as an input terminal and drain electrodes of
the TFT24 and TFT25 are commonly connected with a ter-
minal a3 as an output terminal. TFT23 and TFT26 are con-
nected to the TFT24 and the TFT25, respectively. Respective
power lines are connected to a source electrode of TFT23 to
supply a high voltage VL.CH and a source electrode of TFT26
to supply a low voltage VLCL. Furthermore, the gate elec-
trode of the TFT23 is connected to the control line Gate and
the gate electrode of TFT26 is connected to the control line
GateB.

[0035] The SRAM circuit 10 is constructed by the first
inverter circuit 11 and the clocked inverter circuit 12, and the
node al and the node a2 are connected. The polarity inversion
switch circuit 13 is formed of TFT31 and TFT32 so that the
nodes a2 and a3 are input terminals and a node a4 is an output
terminal of the polarity inversion switch circuit 13. A gate
electrode of the TFT31 is connected to a polarity control line
PolB and a source to drain path is connected between the
nodes a3 and a4. A gate electrode of the TFT32 is connected
to a polarity control line PolA and a source to drain path of
TFT32 is connected between the nodes a2 and a4.

[0036] The second inverter circuit 14 is formed of TFT33
and TFT34 so that the node a4 is an input terminal and the
node a5 is an output terminal. The gate electrodes of the
TFT33 and TFT34 are commonly connected to the node a4
and drain electrodes are also commonly connected to an
output node aS. Respective power lines are connected to
source electrodes of the TFT33 and TFT34 to supply the high
voltage VL.CH and the low voltage VLCL. The output node a5
of the second inverter circuit 14 is connected to a pixel elec-
trode PE and a common electrode CE of the other side of the
liquid crystal layer is connected to a common line COM. The
common line COM is connected to the signal line S through
a switch circuit 15. The switch circuit 15 controls a switching
operation by a reset signal Rset supplied through a reset line
Rset.

[0037] Next, an operation of the pixels will be explained.
FIG. 3 is acircuit diagram to explain an operation of rewriting
the pixel voltage. This operation is to apply “1” bit informa-
tion, that is, “H level (VLCH)” and “L level (VLCL)” to the
liquid crystal layer. During this operation, the levels of the
control lines are follows. The control line Gate is “H” level,
the control line GateB is “L.’ level, the control line PolA is “L.”
level, the control line PolB is “H” level and the switch circuit
SW is off state.

[0038] [When the Signal Line S is “H”|

[0039] When thelevel of the control line Gate becomes “H”
level, the switching transistor W becomes conductive, and
“H” level is supplied to an input terminal, that is, the node al
ofthe first inverter circuit 11. Consequently, the voltage of the
node a2 becomes VLCL. However, the clocked inverter cir-
cuit 12 is “off” state because the level of the control line Gate
is “H” level and the level of the control line GateB is “L.” level.
Therefore, the potential “H” of the signal line S is applied to
the node a3 through a route shown by the arrow.

[0040] In the polarity inversion switch circuit 13, since the
control line PolA is “L” level and the control line PolB is “H”
level, the TFT32 is in the “OFF” state and the TFT31 is in the
“ON” state.

[0041] Accordingly, the potential of the node a4 becomes
“H”level, that is, the level of the node a3. Consequently, in the
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second inverter circuit 14, the TFT34 becomes conductive
and the voltage VLCL is applied to the pixel electrode PE.
[0042] [When the Signal Line S is “L” Level]

[0043] A low level “L” of the signal line S is transmitted to
the node ad, that is, the level of the node a3 through the same
route as above. Consequently, in the second inverter circuit
14, the TFT33 becomes conductive and the voltage VLCH is
applied to the pixel electrode PE.

[0044] FIG. 4is a circuit diagram to explain to hold a pixel
voltage in the SRAM and to generate AC voltage applied to
the liquid crystal layer. In this operation time, the level of the
control line Gate is “L” level, the level of the control line
GateBis “H” level opposite to that of the control line Gate and
the switching SW is in the “OFF” state by the control circuit
3.

[0045] (1) when the voltage of the signal line S is “H” level
in the rewriting operation of the pixel voltage:

[0046] The levels of the nodes al and a3 are “H” levels and
the level of node a2 is VLCL. Since the control line Gate is
“L” level and the switching element W becomes “OFF” state.
However, the clocked inverter circuit 12 becomes “ON” state
because the level of the control line GateB is “H” level and the
voltage of the node a3 becomes “VLCH”. The voltage of the
node al also becomes the same as that of the node a3. Accord-
ingly, the SRAM circuit 10 holds the state at the rewriting
mode.

[0047] When the level of the control line PolA is “L” level
and the level of the control line PolB is “H” level, the TFT31
is in the “ON” state and the TFT32 is in the “OFF” state.
Therefore, the voltage of the polarity inversion switch 13
becomes “VLCH” and the TFT34 of the inverter circuit 13
becomes “ON” state. Finally, a voltage VLCL is applied to the
pixel electrode PE.

[0048] On the other hand, when the level of the control line
PolA is “H” level and the level of the control line PolB is “L”
level, the TFT31 is in the “OFF” state and TFT32 is in the
“ON?” state. Therefore, the voltage of the polarity inversion
switching circuit 13 becomes “VLCL” and the TFT33 of the
second inverter circuit 14 becomes “ON” state. Finally, a
voltage VLCH is applied to the pixel electrode PE.

[0049] As described above, it becomes possible to generate
an AC voltage applied to the liquid crystal layer by changing
the polarities of the control lines PolA and PolB alternately.
[0050] (2) When the Signal Line S is “L” Level:

[0051] The voltage of the node a2 is held at VLCH and the
voltage of the node al is held at VLCL. In this case, it is
possible to alternate the voltage supplied to the liquid crystal
layer by alternately changing the polarities of the control lines
PolA and PolB.

[0052] FIG. S is a circuit diagram to explain a discharge
operation of the pixel electrode. When the power becomes on
state, off state or breaks down, the control circuit 3 compul-
sory sets the control line Gate at “H” level, the control line
GateB at “L” level, the control line PolA at “L”’ level and PolB
at“H” level and a reset signal Rset becomes “ON” state for all
the pixels. In this condition, the switch 15 to prevent a display
time lag is in the “ON” state and the common voltage of “L.”
state is inverted by an inverter circuit 16. The inverted com-
mon voltage “H” is supplied to the signal line S. The condi-
tion of the pixel PX is the same as that of the rewriting
operation as shown in FIG. 3. Accordingly, the voltage of the
signal line S is inverted by the second inverter circuit 14 and
the same voltage as the common line is supplied to the pixel
electrode PE.
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[0053] Accordingly, itis possible to reset the charges stored
in the pixel electrode. For example, if the pixel electrode is not
reset even at the time when the power becomes off, the stored
charges are discharged at naturally discharging speed. In this
case, since a discharge constant is different from each pixel, a
display time lag with a display uniformity may be generated
after the power becomes off. The detection of the power on,
oft or power break is conducted by watching the power con-
dition or an operating switch. Here, the abrupt power break is
supposed to be cases where a battery or a battery pack is taken
up from a mobile phone, a digital camera or a digital recorder
without conducting a switching operation.

[0054] FIG. 6 is a timing chart to show a driving time of
each voltage of the control lines when the pixels are rewritten.
In the liquid crystal pixel PX, it is necessary to alternate the
voltage applied to the liquid crystal layer because, if a con-
stant voltage with a same polarity is continuously applied, a
display defect may be caused by an ionization of the liquid
crystal layer.

[0055] In the embodiment shown in FIG. 6, the common
voltage COM is inverted every 1 frame, and the voltages “H”
and “L” are replaced on the control lines of PolA and PolA.
When the pixel voltage is rewritten in the first frame, the
control circuit 3 sets the voltage of control line Gate at “H”
level, the voltage of control line GateB at “L” level, the
voltage of the control line PolA at “L” level, the voltage of the
control line PolB at “H” level, and also sets the switch 15 to
the “OFF” state. In this condition, the voltage level of the
control line Gate changes from “L”—“H”—*“L” level in a
short pulse. In the first frame, since the voltage of the control
line PolA is at “L” level and the voltage of the control line
PolB is at “H” level, that is, in the rewriting mode shown in
FIG. 3, the voltage of the pixel PX is rewritten corresponding
to the voltage of the signal line S at the timing when the
control line Gate is “H” level.

[0056] In a normally black liquid crystal display, it is not
required to alternate the signal line S, that is, the voltages of
the signal line S may be any time “H” level in a white raster
display and the voltages of the signal line S may be any time
“L” level in a black raster display. The pixel voltage becomes
“L” level in the white raster display and the pixel voltage
becomes “H” level in the black raster display.

[0057] Inasecond frame, when the pixel voltage is rewrit-
ten, the voltage level of the control line Gate changes from
“L”—“H”—*“L” level in a short pulse. In the second frame,
since the voltage of the control line PolA is at “H” level and
the voltage of the control line PolB is at “L” level in pulses,
the voltage of the control line PolA changes to “L” level and
the voltage of the control line PolB changes to “H” level, that
is, in the rewriting mode shown in FIG. 3, the voltage of a
pixel PX is rewritten corresponding to the voltage of the
signal line S in the timing when the control line Gate is “H”
level. The pixel voltage returns to an original voltage in syn-
chronised with the return of the levels of the control lines
PolA and PolB to “H” and “L.” levels, respectively. Since the
time taken in the writing operation is very short compared
with one frame time (1V), the writing time has little effect on
the alternation operation of the voltages supplied to the liquid
crystal layer.

[0058] FIG. 7 is a timing chart to show a driving timing to
rewrite all the pixels. The scan control line driving circuit 5
sequentially selects the scan control lines G1~Gm and sets the
corresponding control lines Gate, GateB, PolA and PolB at
predetermined voltages. In this embodiment, the scan control
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lines G1~Gm are selected sequentially in a vertical direction.
Accordingly, the location of the pulse of the control line Gate
shifts in the row direction.

[0059] FIG. 8 is a timing chart to show a driving timing of
respective control lines to show a static image in each pixel.
Since, the liquid crystal display device includes a SRAM
circuit 10, it is not required to refresh the pixel voltage in
every frame. The alternation operation of the voltages sup-
plied to the liquid crystal layer is conducted by switching the
voltages of the control lines Pol A and PolB alternately. In this
embodiment, the control signals XPolA and XpolB are
inverted signals of the control signals PolA and PolB and used
in a circuit that is explained later. The signal PolB rises up
after the signal PolA falls with a predetermined time lag, or
similarly, the signal PolA rises up after the signal PolB falls
with a predetermined time lag. This is to prevent a compete
operation in which the both signals become simultaneously
“H” level.

[0060] FIG. 9 is a circuit diagram of a pixel showing a
second embodiment according to the present invention. In
this embodiment, the switching transistor W1 is formed of a
pair of N channel and P channel transistors. In the first
embodiment, when a signal “H” level is supplied to the input
terminal of the switching transistor W, a voltage less than a
threshold voltage (“H”-Vth) is output to the node al. On the
contrary, in the second embodiment, the P channel transistor
compensates for a reduction of the threshold voltage Vth, and
an “H” level without reduction by an amount of the threshold
voltage Vth can be supplied to the node al.

[0061] The TFTs composing the polarity inversion switch
circuit 13 are formed of a transfer gate circuit. Accordingly,
the inversion switching circuit 13 can output “H” and “L”
levels without being affected by the threshold voltage Vth of
the transistor. The second inverter circuit can be eliminated
and it becomes possible to directly supply the output of the
inversion switching circuit 13 to the pixel electrode PE with-
out interposing the second inverter circuit.

[0062] FIG.10is acircuit diagram showing a third embodi-
ment of a liquid crystal pixel PX, in which the second inverter
circuit 14 is not provided. The purpose of the second inverter
circuit 14 is to avoid the influence of the threshold voltage in
the first embodiment. In this third embodiment, the influence
of'the threshold voltage Vth is avoided by setting the “H” level
of the signals PolA and PolB so that the “H” level is suffi-
ciently higher than VLCH+Vth. Instead, it is also possible to
avoid the influence of the threshold voltage Vth by shifting the
voltage of the common voltage COM, for example, toward a
lower voltage of the threshold voltage.

[0063] Accordingly, the second inverter circuit may be
eliminated and it becomes possible to directly supply the
output of the inversion switching circuit 13 to the pixel elec-
trode PE without interposing a second inverter circuit 14.

[0064] FIG. 11 shows a fourth embodiment according to
the present invention, in which a digital gradation display
system using an area coverage modulation method of display-
ing multiple gray levels is adopted. In the digital gradation
display system, one pixel electrode PE is divided into a plu-
rality of sub-pixel electrodes and respective areas of the sub-
pixels are different from each other. One or some sub-pixel
electrodes in the selected one pixel are selected to get a
display area in one pixel by combining the sub-pixels.
Accordingly, the display area in the selected pixel may be
changed digitally.
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[0065] FIG. 11 is a diagram showing respective size of
sub-pixel electrodes of each pixel and a pattern of an arrange-
ment of the sub-pixel electrodes. In this embodiment, 4 bits-
16 retardations display is adopted. If the area of sub-pixel
electrode PO is “1”, the area of sub-pixel electrode P1 is
double, P2 is four times and P3 is eight times. The 4 bits image
data input to corresponding SRAM circuits 10 is converted to
respective write-in voltages and supplied to respective sub-
pixel electrodes P0~P3.

[0066] According to the present invention, the pixel PX
includes a SRAM circuit formed of a first inverter circuit 11
and a clocked inverter circuit 12, a polarity inversion switch-
ing circuit 13 and a second inverter circuit 14, and a switch 15
to prevent a display time lag is provided at an end portion of
the signal line S to connect the signal line S to the inverted
common voltage. The write-in operation or holding operation
ofimage data is conducted by the control signals Gate, GateB,
PolA and PolB.

[0067] The liquid crystal display device having the above
construction can provide many advantages.

[0068] The alternation of the voltage supplied to the liquid
crystal layer is practiced by the polarity inversion switching
circuit and the polarity control signals PolA and PolB. There-
fore, it is not required to alternate the voltages “H” level
(VLCH) and “L” level (VLCL) supplied to the liquid crystal
layer, which results in reduction in an AC current consump-
tion of the signal line driving circuit 6. That is, the signal
driving circuit 6 inverts the signal data in positive and nega-
tive polarities in a cycle of the alternation of the liquid crystal
layer in a conventional liquid crystal display device. There-
fore, alarge AC power consumption is accompanied when all
the signal line loads are simultaneously swung.

[0069] According to the present invention, it is possible to
alternate the voltages applied to the liquid crystal layer with-
out inverting the signal voltage. Therefore, even in a display
in which the image data is rewritten sequentially, it is possible
to make the power consumption remarkably small without
impairing the display quality.

[0070] When the pixel images for a moving image display
are sequentially rewritten, the polarity inversion of the pixel is
made by the polarity inversion switching circuit 13. There-
fore, the polarity of the output signal of the signal line driving
circuit 6 may be constant regardless the polarities of the
frame. Accordingly, it becomes possible to remarkably sim-
plify the circuit construction and to suppress AC current con-
sumption in the signal driving circuit 6.

[0071] Furthermore, the loads of the control signals (PolA,
PolB) are small and the alternation of the control signals
(PolA, PolB) may be made using low cycles such that a flicker
phenomenon is not detected. Therefore, it is possible to make
the driving ability of the scan line driving circuit 5§ small,
which enables to manufacture driving circuits 5 and 6 using
the same process as the pixel PX and to integrate driving
circuits 5 and 6 in a small size array substrate.

[0072] Furthermore, when the power becomes on state, off
state or decreases abruptly, the switch to prevent a display
time lag is made “ON” state, and a path to set the level of the
stored charges in the pixel electrode at the same level as the
counter electrode (VCOM) is formed. Accordingly, the non-
uniformity of display by a display time lag is prevented by
discharging the charges stored in the pixel electrode instan-
taneously.

[0073] The present invention is not limited directly to the
above described embodiments. In practice, the structural ele-
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ments can be modified without departing from the spirit of the
invention. Various inventions can be made by properly com-
bining the structural elements disclosed in the embodiments.
For example, some structural elements may be omitted from
all the structural elements disclosed in the embodiments.
Furthermore, structural elements in different embodiments
may properly be combined. It is to therefore be understand
that within the scope of the appended claims, the present
invention may be practiced other than as specifically dis-
closed herein.

What is claimed is:
1. A liquid crystal display device, comprising:
a pair of substrates including electrodes formed on the
respective substrates;
a liquid crystal layer interposed between the pair of sub-
strates;
a plurality of pixels arranged in a matrix on the substrates;
signal lines arranged in a column direction on one of the
substrates, each of signal lines connected to the pixels
arranged in the column direction to supply bit signals
corresponding to an image signal;
control lines arranged in a row direction, the control lines
selecting pixels arranged in the row direction to supply a
plurality of control signals to write and hold the bit
signals corresponding to the image signal to the selected
pixels; and
each pixel comprising,
a static memory to hold the bit signals,
a switch element to take in the bit signals corresponding
to the image signal to the static memory,
a polarity control circuit to control the held bit signals,
and
a driving voltage generator to supply voltages generated
by the bit signals to the liquid crystal layer,
wherein the transmittance of the liquid crystal layer is
changed corresponding to the bit signals.
2. The liquid crystal display device according to the claim
1, wherein:
the control lines supply first and second gate signals to the
pixels, and the switch element switches the supply of bit
signals from the signal line to the static memory, and
the static memory includes a first inverter to invert the
written bit signals, and a clocked inverter driven by the
first and second gate signals to receive the inverted bit
signals, and an input terminal of the first inverter circuit
and an output terminal of the clocked inverter circuit are
connected.
3. The liquid crystal display device according to the claim
2, wherein the control lines supply first and second polarity
control signals having opposite polarities to the pixels, and
the polarity control circuit selects one of the output signals of
the first inverter circuit and the clocked inverter circuit.
4. The liquid crystal display device according to the claim
3, wherein the driving voltage generator includes a buffer
circuit to supply voltages to the liquid crystal layer by alter-
nating the polarities of the first and second polarity control
signals in each frame of image signal.
5. The liquid crystal display device according to the claim
4, wherein the buffer circuit includes a second inverter to
invert the output of the polarity control circuit.
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6. The liquid crystal display device according to the claim
1, further comprising:

an inverter to invert a common voltage, and

aswitch to control a supply of the inverted common voltage
to the signal line to prevent a display time lag when the
liquid crystal display device becomes power on or off,
and the power abruptly decreases.

7. The liquid crystal display device according to the claim
4, wherein the static memory and the buffer circuit are formed
of P channel and N channel transistors.

8. A liquid crystal display device, comprising:

a pair of substrates including electrodes formed on respec-

tive of the substrates;

a liquid crystal layer interposed between the pair of sub-
strates;

a plurality of pixels arranged in a matrix on the substrates;

signal lines arranged in a column direction and connected
to the pixels arranged in the column direction to supply
bit signals corresponding to an image signal;

control lines arranged in a row direction, the control lines
selecting pixels arranged in the row direction to supply a
plurality of control signals to write and hold the bit
signals corresponding to the image signal to the selected
pixels;

a static memory provided to each pixel to hold the bit
signals; and

each of the pixels comprising,

a switch element to take in the bit signals corresponding to
the image signal to the static memory,

a polarity control circuit to control the held bit signals and
drive the liquid crystal layer such that the transmittance
of the liquid crystal layer is changed corresponding to
the bit signals, and

the switch element and the polarity control circuit com-
prise switching transistors and boosted voltages are sup-
plied to gate electrodes of the switching transistors to
compensate for an influence of a threshold voltage of the
switching transistors.

9. A liquid crystal display device, comprising:

a pair of substrates including electrodes formed on the
respective substrates;

a liquid crystal layer interposed between the pair of sub-
strates;

a plurality of pixels arranged in a matrix on the substrates;

signal lines arranged in a column direction and connected
to the pixels arranged in the column direction to supply
bit signals corresponding to an image signal;

control lines arranged in a row direction, the control lines
selecting pixels arranged in the row direction to supply a
plurality of control signals to write and hold the bit
signals corresponding to the image signal to the selected
pixels;

each pixel comprising,

a static memory to hold the bit signals,

a switch element to take in the bit signals corresponding
to the image signal to the static memory,

a polarity control circuit to control the held bit signals
and drive the liquid crystal layer, such that the trans-
mittance of the liquid crystal layer is changed corre-
sponding to the bit signals, and

the switching element and the polarity control circuit
comprising paired transfer gate transistors.

10. The liquid crystal display device according to the claim
9, wherein the paired transfer gate transistors comprise first

May 6, 2010

and second transistors having drain and source electrodes
commonly connected to each other.

11. A liquid crystal display device, comprising:

a pair of substrates including electrodes formed on the
respective substrates;

a liquid crystal layer interposed between the pair of sub-
strates;

a plurality of pixels arranged in a matrix on the substrates,
each of the pixels including a plurality of individually
selectable sub-pixel electrodes having differently sized
areas in which combination of sub-pixels are selectable
to produce an area coverage modulation display of mul-
tiple gray levels per pixel,

signal lines arranged in a column direction on one of the
substrates and each of signal lines connected to the pix-
els arranged in the column direction to supply bit signals
corresponding to an image signal;

control lines arranged in a row direction, the control lines
selecting pixels arranged in the row direction to supply a
plurality of control signals to write and hold the bit
signals corresponding to the image signal to the selected
pixels; and

each pixel comprising,

a static memory to hold the bit signals, and

a switch element to take in the bit signals corresponding
to the image signal to the static memory,

a polarity control circuit to control the held bit signals,
and

a driving voltage generator to supply voltages generated
by the bit signals to the liquid crystal layer,

wherein the transmittance of the liquid crystal layer is
changed corresponding to the bit signals.

12. The liquid crystal display device according to the claim
11, wherein:

the control lines supply first and second gate signals to the
pixels, and the switch element switches the supply of bit
signals from the signal line to the static memory, and

the static memory includes a first inverter to invert the
written bit signals, and a clocked inverter driven by the
first and second gate signals to receive the inverted bit
signals, and an input terminal of the first inverter circuit
and an output terminal of the clocked inverter circuit are
connected.

13. The liquid crystal display device according to the claim
12, wherein the driving voltage generator includes a second
inverter circuit to invert the output of the polarity control
circuit.

14. The liquid crystal display device according to the claim
13, wherein the polarity control circuit includes first and
second transistors in which the source electrode of the first
transistor is connected to the output terminal of the first
inverter circuit and the source electrode of the second tran-
sistor is connected to the output terminal of the static memory,
and the drain electrodes of the first and second transistors are
commonly connected to an input terminal of the second
inverter circuit.

15. The liquid crystal display device according to the claim
14, wherein the polarity control circuit is controlled by first
and second polarity control signals and a common voltage is
inverted in every frames, and

wherein the first and second polarity control signals are
also inverted, respectively, in which the first and second
polarity control signals are inverted within one frame so
as to avoid a simultaneous inversion operation.
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16. A method for controlling a liquid crystal display device
including a pair of substrates, a liquid crystal layer held
therebetween, a plurality of pixels arranged in a matrix and a
static memory formed on the substrates, comprising the steps
of;

writing and holding a bit signal corresponding to an image

data in the static memory in each pixel;

controlling the polarity of the input bit signal;

generating a liquid crystal voltage supplied to the liquid

crystal layer by the bit signal, and alternating the liquid
crystal voltage based on the controlled polarity of the bit
signal; and

changing a transmittance of the liquid crystal layer by

supplying the liquid crystal voltage.

17. A method for controlling the liquid crystal display
device including a pair of substrates, a plurality of pixels
arranged in a matrix and a static memory formed on the
substrates, comprising the steps of;

writing and holding a bit signal corresponding to an image

data in the static memory in each pixel by a switching
element;

controlling the polarity of the input bit signal by a polarity

control circuit;
generating a liquid crystal voltage supplied to a liquid
crystal layer arranged between the pair of substrates by
the bit signal, and alternating the liquid crystal voltages
based on the controlled polarity of the bit signal; and

changing a transmittance of the liquid crystal layer by
supplying the liquid crystal voltage, and

wherein the switching element and the polarity control

circuit are formed of transistors so as to avoid an influ-
ence of a threshold of the transistor.

18. The method for controlling a display in the liquid
crystal display device according to claim 17, wherein the
polarity control circuit and switching element are formed of
transistors, comprising:

generating a voltage by adding a higher voltage than the

threshold voltage to the power source, and supplying the
generated voltage to the gate electrodes of the transis-
tors.

19. The method for controlling a display in the liquid
crystal display device according to claim 17, wherein the
switching element and the polarity control circuit comprise a
pair of transfer gates.

20. A liquid crystal display device, comprising:

a counter substrate and an array substrate including elec-

trodes formed on the respective substrates;

a liquid crystal layer interposed therebetween;

a plurality of pixels arranged in a matrix on the substrates;

signal lines arranged in a column direction and connected

to the pixels arranged in the column direction to supply
a bit signal corresponding to an image signal; and
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control lines arranged in a row direction and connected to

the pixels, the control lines selecting pixels arranged in

the row direction to write and hold bit signals corre-
sponding to image data in selected pixels, and

wherein each of the pixels includes,

a pair of gate lines,

first and second power source lines,

first and second polarity control lines,

a static memory including a first inverter circuit formed
of P channel and N channel transistors with a first
input node and a first output node, a clocked inverter
circuit formed of an inverter circuit and a pair of first
transistors connected between the inverter circuit and
the first and second power source lines, respectively,
the clocked inverter circuit formed of P channel and N
channel transistors and having a second output node
connected to the first input node,

a switching transistor connected between the signal line
and the first input node to control a write operation of
the bit signal corresponding to the image data, and

a polarity control circuit formed of a pair of second
transistors to alternate the voltages supplied to a pixel
electrode, in which complementary polarity control
signals are supplied to gate electrodes of the second
transistors respectively, respective source electrodes
of the second transistors are connected to the first
output node and the second output node and drain
electrodes of the second transistors are commonly
connected to a pixel electrode through a third output
node, and

wherein the transmittance of the liquid crystal layer is

changed corresponding to the bit signals.

21. The liquid crystal display device according to claim 20,
further comprising:

a second inverter circuit connected between the third out-

put node and the pixel electrode.

22. The liquid crystal display device according to claim 20,
wherein the switching transistor and the transistors forming
the polarity control circuit are formed of a transfer gate com-
posed of P channel and N channel transistors.

23. The liquid crystal display device according to the claim
20, further comprising:

an inverter to invert a common voltage and a switching

transistor to control a supply of the inverted common

voltage to the signal line to prevent a display time lag
when the liquid crystal display device is powered on or
off, and/or power is abruptly reduced.

24. The liquid crystal display device according to the claim
20, further comprising:

a Rset control line connected between a control circuit and

the switching transistor to control the switching

operation.
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